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S1 Ethics and data access
Patient records and information in the medical claims dataset were anonymized, de-identified, and aggregated
by IMS Health, a data analytics firm that packages data that is routinely collected for health insurance
purposes for commercial use. Mr. Farid Khan, Director of Advanced Analytics at IMS Health, granted the
researchers access to the data. While the database is not accessible online, interested researchers should refer
to the IMS Health website: http://www.imshealth.com/portal/site/imshealth. All analyses were performed
with aggregated time series data for influenza-like illness rather than patient-level information. Similar to
other epidemiological analyses of administrative insurance data, no institutional review board approval was
sought.

S2 ILI data processing
We adjusted ILI cases to account for increasing coverage over time and spatial and age-specific estimates of
health-care seeking behavior for ILI in the medical claims data. Thus, the adjusted data represented all ILI
for the population covered within the medical claims data in the last year of our study period (2008-09). For
example, estimates of true, weekly ILI visit rate in season s for region n covered in the 2008-09 flu season
was calculated as:

Trs,g,n(t) = ilis,g,n(t) ∗ (vS08−09,n/vs,n)/csg,n,

where Trs,g,n(t) represents the true influenza-like illness in week t of season s, population g (i.e., total
population, children, or adults), and region n (i.e., entire U.S. or specific state) in terms of the data coverage
in 2008-09. ilis,g,n(t) is influenza-like illness observed in the data, vs,n is the total number of outpatient
visits recorded by the data during season s, and csg,n estimates health care-seeking behavior for ILI [1, 2].

The total population care-seeking estimate was population weighted by 2010 Census child and adult
population estimates and weighted by survey size across the September 2009 to March 2010 and January
to April 2011 Behavioral Risk Factor Surveillance System (BRFSS) surveys conducted by CDC. National
age-specific care-seeking estimates were survey size-weighted averages across the two studies. State-level
age-specific care-seeking estimates were taken only from the September 2009 to March 2010 BRFSS; where
survey data was unavailable for a specific state, the age-specific Census region estimate was used (Table S1)
[1]. Adjusted ILI visit rate per population was used in all reported analyses.

Table S1: Summary of estimates of percent that sought care for ILI by age group and spatial scale (national
or U.S. Census region) according to BRFSS surveys. The national estimate was used to adjust total incidence
for care-seeking and Census region estimates were used to adjust state-level incidence when state-specific
estimates (not shown) were unavailable from the 2009-10 BRFSS. Estimates were unable for adults in Ver-
mont, and children in Arkansas, Colorado, North Carolina, and Vermont. These adjustments account for
possible differences in care-seeking behavior across age groups, which could affect the classifications of the
severity index.

Sought Care for ILI (%) National Northeast Midwest South West
Total Pop 45 47 41 48 37
Children 51 58 48 66 50
Adults 41 44 39 42 33

S3 Severity benchmark
A synthetic composite severity benchmark (βs) was developed for the 1997-98 through 2013-14 flu seasons
(excluding 2009-10). We used the benchmark to identify factors associated with severity and to compare
a ‘gold standard’ quantitative measure of severity to the retrospective and early warning severity indexes.
Data sources described in Table S2 were aggregated to create βs and unavailable data were excluded from
the composite measure. Almost all of the raw CDC surveillance data had a strong positive relationship with
the benchmark, suggesting that there is no unique indicator of season-level severity among these surveillance
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systems (Figure S1). For greater robustness and in acknowledgment of multiple causes of season-level severity,
we used a composite measure of these CDC surveillance sources as the benchmark.

Since the 2009 H1N1 pandemic, testing practices in the United States have changed, including the more
frequent use of rapid influenza-diagnostic tests and reverse-transcription polymerase chain reaction (RT-
PCR) tests and the increased practice of pre-screening respiratory specimens by public health laboratories
[3]. Consequently, the percent of positive lab confirmations may not serve as a valid indicator of seasonal
influenza activity in a βs that includes influenza seasons occurring after 2009.

Table S2: CDC surveillance data sources contributing to the severity benchmark (βs), by season. Positive
Isolates is the percentage of positive lab confirmations among all specimens tested. P&I Deaths is the
proportion of all deaths that are associated with pneumonia and influenza. Pediatric Deaths is the number
of flu-associated deaths in children less than 18 years old, which is a nationally notifiable condition in the
US. Hospitalizations (5-17 and 18-49 years) is the sum of the laboratory-confirmed hospitalization rate
per 100,000 individuals in the population among states participating in EIP. Seasons beginning 2005-06
incorporate all five metrics into the severity benchmark.

Metric (θi,s) 97-98 98-99 99-00 00-01 01-02 02-03 03-04 04-05
Positive Isolatesa x x x x x x x x
P&I Deathsb x x x x x x

Pediatric Deathsc x
Hospitalizations (5-17 years)d x x
Hospitalizations (18-49 years)d

a Source: WHO & NREVSS Collaborating Laboratories
b Source: 122 Cities Mortality Reporting System
c Source: Influenza Associated Pediatric Mortality
d Source: Emerging Infections Program (EIP)

S3.1 Qualitative severity analysis for benchmark ‘ground-truthing’
To ground truth benchmark assessments to historical consensus opinion of seasonal influenza severity, we
performed a qualitative analysis of influenza season summaries and Morbidity and Mortality Weekly Reports
(MMWRs) published by CDC for 14 of the 16 seasons for which a benchmark value was calculated (See
Additional file 2). The texts describing the 1997-98 and 1998-99 seasons did not report enough data on prior
influenza seasons for the qualitative analysis. See Additional file 2 for the source texts and codes by season.

We applied the following algorithm to determine the severity classification (mild, moderate, severe) of
each flu season. First, we assumed that the four seasons (2000-01, 2002-03, 2003-04, 2012-13) described
with the specific terms ‘mild’ or ‘moderately severe’ were mild or severe seasons, respectively (‘moderately
severe’ was the most severe qualitative description for any season). Second, we analyzed the available
descriptions that corresponded to the CDC ‘factors contributing to severity’ —percentage of positive isolates
at the peak, number of consecutive weeks with elevated positive isolate activity, percentage of P&I deaths or
patient visits due to ILI at the peak, number of consecutive weeks that P&I deaths or ILI visits exceeded the
epidemic threshold, number of states reporting regional or widespread influenza activity at the peak, number
of pediatric deaths, and cumulative laboratory-confirmed hospitalization rates among children and adults
during the flu season. Not all metrics were available for each season. To classify the remaining 10 seasons,
we tallied the number of reported metrics that fell below, within, or above the range of CDC-reported values
for the previous two to four flu seasons (as available in the text). In an objective assignation, if at least 50%
of reported measures were below this range, the season was ‘mild’; if at least 50% of reported measures were
above this range, the season was classified ‘severe’; all other seasons were classified ‘moderate’.

Using this algorithm, 2003-04 and 2012-13 were classified as severe, 1999-2000, 2001-02, 2004-05, 2007-08,
2008-09, 2010-11, and 2013-14 were moderate, and 2000-01, 2002-03, 2005-06, 2006-07, and 2011-12 were mild
(Figure 1e, Additional file 2). We compared the rank order of the benchmark values to the clustered severity
categories and reported the number of rank order discrepancies (e.g., the number of times that a season with a
‘severe’ qualitative classification had a quantitative benchmark value below a season classified as ‘moderate’).
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Figure S1: Benchmark vs. original CDC surveillance data comprising benchmark (all available seasons
during 2001-02 to 2008-09 period are shown): A) hospitalization rate among individuals 18-49 years old
per 100,000, B) hospitalization rate among individuals 5-17 years old per 100,000, C) number of pediatric
deaths, D) percentage of all-cause mortality due to P&I (Pearson’s R = 0.84), and E) percentage of positive
flu isolates confirmed (Pearson’s R = 0.91). Correlation coefficients are reported only for metrics where data
were available for all seasons in the eight season study period. Point color corresponds to qualitatively-
assigned severity category, where red is severe, yellow is moderate, and blue is mild.

A) B) C)

D) E)

There was good agreement between benchmark rank orders and qualitatively-assigned severity categories.
Two discrepancies between the benchmark and qualitative severity category were identified; the 1999-2000
and 2010-11 flu seasons were classified as ‘moderate’ in the qualitative analysis, but their benchmark values
are greater than that of the 2003-04 flu season, which was classified as ‘severe’ in the qualitative analysis
(Figure 1e).

S3.2 Sensitivity analyses for the benchmark normalization period
We performed sensitivity analyses on the period across which raw factors are normalized. In the results
presented in the main text, we standardized each raw metric θi,s across the complete period with available
data (1997-98 to 2013-14) and compared this to the retrospective severity index ρs,r (Figure S2a). Given
the antigenic changes to circulating viruses over this period, we compared the classifications of this grouping
to those of two other standardization periods: 1) 1997-98 to 2002-03, 2003-04 to 2008-09, and 2010-11 to
2013-14, which represents three periods with similar antigenic clusters [4] (Figure S2b), and 2) 1997-98 to
2008-09 and 2010-11 to 2013-14, which represents the pre- and post-2009 H1N1 pandemic period (Figure
S2c).

Rank order of seasons according to the benchmark (βs) was mildly sensitive to changes in the grouping
scheme; 2006-07 and 2002-03 swapped places when comparing the complete period grouping (Figure S2a) to
the pre-/post-pandemic grouping (Figure S2c). Standardization across these alternative periods may better
identify the mildest and most severe seasons within each period, but they may also complicate compar-
isons of seasons in different periods. In future work, alternative periods may be chosen according to their
appropriateness to the research question.
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Figure S2: Alternative benchmark (βs) normalization schemes for comparison to the retrospective severity
index (ρs,r). A) Complete period grouping (same as Figure 3A in main text): 1997-98 to 2013-14 (excluding
2009-10) (Pearson’s R = 0.71). B) Antigenic cluster grouping: 1997-98 to 2002-03, 2003-04 to 2008-09, and
2010-11 to 2013-14 (Pearson’s R = 0.76). C) Pre-pandemic and post-pandemic grouping: 1997-98 to 2008-09
and 2010-11 to 2013-14 (Pearson’s R = 0.77). Point color corresponds to qualitatively-assigned severity
category, where red is severe, yellow is moderate, and blue is mild.

A) B) C)

S4 Factors associated with influenza severity
We conducted an exploratory analysis to identify possible drivers of seasonal influenza severity. For the 1997-
98 to 2013-14 flu seasons (excluding 2009-10), we examined pairwise Pearson cross-correlation coefficients of
the severity benchmark (βs) with the following nation-level covariates (Ho : R = 0): 1) the proportion of
all positive influenza laboratory samples characterized as H3 at the end of the season, as reported by World
Health Organization (WHO) and National Respiratory and Enteric Virus Surveillance System (NREVSS)
laboratories, 2) seasonal ILI visit rates among toddlers aged 0-4, 3) children aged 5-24, 4) adults aged 25-64,
5) elderly aged 65 and above, and 6) the total population, as reported by ILINet, and average flu season 7)
precipitation and 8) temperature for 48 contiguous U.S. states from NOAA’s National Data Climate Center
(NCDC). P-values were calculated with a two-sided test of 1000 permutations without replacement, and
pairwise tests of association between βs and covariates of interest were deemed significant if they achieved
p-value ≤ 0.05.

These covariates were chosen for their purported relationship with seasonal influenza severity in the
literature. Previous studies suggest that H3 seasons may be more severe [5], and cold and dry conditions
have been thought to favor influenza spread [6, 7]. Total attack rate was included because it is a simple
measure of flu season magnitude. ILI visit rates in other age groups were included with the following
motivations: children are thought to be primary local transmitters of disease due to high numbers of contacts
[8, 9] and likely lower pre-existing immunity, toddlers and the elderly are considered high-risk groups for
influenza-associated mortality due to weaker immune systems [10], and adults comprise the largest part of
the population, bridge contact between age groups, and have great within-group heterogeneity in age-related
contact patterns [9, 11].

Using the corrplot package in the R statistical programming language [12], we found that seasonal ILI
visit rates in adults (R = 0.68, p-value < 0.001) and in the total population (R = 0.51, p-value = 0.03) were
the only covariates with significant correlations with the benchmark (Figure S3).

S5 Retrospective and early warning severity indexes

S5.1 Identifying the retrospective and early warning periods
We performed an analysis to identify specific periods of the flu season that were highly correlated with the
benchmark (Figure S4). For every overlapping two week moving average of ρs(t) (where this moving average
was denoted ρs(t), we computed Pearson’s R correlation coefficients between the vector βs and 1000 permu-
tations of the seasonal order of vector ρs(t) (i.e., drawing without replacement) (Ho : R = 0, two-sided test).
The 95% confidence interval corresponded to the 2.5 and 97.5 percentiles of those randomized correlation
coefficients at each window period. Weeks 1 to 6 and window week period 49-50, which corresponded roughly
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Figure S3: A) Visualization of the cross-correlation matrix where numbers represent the Pearson’s R cross-
correlation coefficients. Ellipse shape and color denotes the strength and direction of the correlation co-
efficient. The following covariates were compared to the benchmark: proportion of circulating H3 strains
(H3), seasonal ILI visit rate among toddlers 0-4 (ili_t), children 5-24 (ili_c), adults 25-64 (ili_a), elderly
65 and above (ili_e), and the total population (ili_tot), and average flu season precipitation (precip) and
temperature (temp) in the United States. B) Visualization of the cross-correlation matrix, where an ‘X’
marks correlations that are not significant according to a two-sided test of association of Pearson’s R.

A) B)

to the retrospective and early warning periods across all seasons, were significantly above the 95% confidence
interval of correlation between ρs(t) and βs. These results suggested that age dynamics during these two
fleeting periods provided strong signals of severity.

In addition to using the retrospective and early warning periods, severity may be estimated at the end
of each flu season by looking at the aggregated RR over the entire flu epidemic period (RRs,epi), which we
defined as week 50 to week 12 (Figure S5a). We also examined the aggregated RR during the non-epidemic
period (RRs,nonepi), defined as weeks 21 to 39, in order to assess whether the correlations between RRs,epi

and βs were spurious (Figure S5b). The aggregated RRs,epi had a correlation of R = 0.83 (Ho : R = 0, two-
sided Pearson’s R permutation test, p-value = 0.01) with βs, while RRnonepi had a correlation of R = 0.22
(p-value = 0.61), thus confirming our expectation that only flu season age dynamics provide a signal of
severity. While the entire epidemic period provided a strong signal of severity, the values were not as easy
to interpret as those of (ρs,r). For this reason, use of ρs,r for the retrospective index was preferred.

S5.2 Sensitivity analysis for the severity index baseline period
The baseline period presented in the main text was the first seven weeks of the potential flu season, the be-
ginning of October to mid-November (weeks 40-46). We chose this pre-season baseline because it overlapped
neither with the typical peak flu season in the United States, nor with the two classification periods for our
severity indexes. We assessed the sensitivity of ρs,r to definitions of the baseline periods that were longer (ie.
weeks 40-49) and earlier (ie. the summer period, weeks 33-39). We reasoned that the unpatterned variation
in RRs(t) during the summer prior to the flu season start was graphically comparable to the variation in the
baseline period (Figure S6a), and that seasonal differences may be captured at baseline during this time.

We found that rank order retrospective severity was quite consistent between the seven and ten week fall
baselines, with a single swap between 2006-07 and 2008-09 (Figure 3a, Figure S6b). Both summer baselines
had multiple discrepancies compared to the the seven week fall baseline rank order (Figure S6c-d), but the
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Figure S4: For every two week period starting with weeks 40 and 41 (window period 4041), we examined
the correlation coefficient between the moving average of ρs(t), denoted ρs(t), and βs across flu seasons in
the study period. The red lines indicate the 95% confidence interval range for the correlation between βs
and mean ρs(t), had the correlations been random. The windows corresponding to the early warning and
retrospective periods were the only correlations that achieved statistical significance.

positive relationship across seasons remained consistent across all four baseline periods. The summer RRs(t)
baselines may have had greater variation than the fall baselines due to fewer overall insurance claims reports
across all diagnoses (Figure S7), which further justified the use of the week 40-46 fall seasonal baseline over
summer baselines. Among fall periods, we preferred the seven week baseline period over the ten week period
for analyses in the main text because less information was required and correlation strength with βs was
similar.

S5.3 Sensitivity analysis for the severity index with excess ILI data
Due to concerns that medical claims data captured too much non-flu ILI activity during the early warning
period, we examined the patterns of relative disease burden among adults and children with excess ILI data.
We calculated excess ILI from medical claims data ILI by subtracting an age-specific baseline constant of
ILI activity from adult and child ILI visits. For each age group, the baseline constant was computed as the
mean ILI visit rate over summer weeks (weeks 21 to 39) for the past two consecutive years plus two standard
deviations, which is a slight modification of CDC’s baseline calculation for their outpatient ILI network,
ILINet.1

We found that using excess ILI reduced the magnitude of the ratio between adult and child ILI, but did
not change the overall population or age dynamics of the results (Figure S8). Use of excess ILI did, however,
complicate the calculation of the relative risk. The period of flu season that exceeded the ILI baseline was
not consecutive, leading to the possibility of negative severity index values and difficulty in interpretation.
For this reason, use of the processed ‘regular’ ILI data was preferred.

S5.4 Comparison of severity index to traditional severity measures
We compared retrospective severity (ρs,r) to traditional severity measures derived from CDC surveillance
data (sources described in ‘Severity benchmark’ sections) such as hospitalization rate, multiple proxies of
risk of case fatality risk, and total seasonal ILI visit rates, and inpatient ILI visit rates from the medical
claims data (Figure S9). There were positive relationships between ρs,r and hospitalization rates, the ratio
of P&I deaths to ILI, and seasonal ILI rates (Pearson’s R = 0.74), but relationships were less strong among

1Accessed at http://www.cdc.gov/flu/weekly/overview.htm on February 12, 2015.
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Figure S5: A) Relative risk of adult to child ILI visits over the course of the entire epidemic flu period,
defined as weeks 50 to 12 in a given season, was well correlated with the benchmark (R = 0.83, p-value =
0.01), while B) the non-epidemic, summer period did not appear to provide a signal of severity (R = 0.22,
p-value = 0.61). Point color corresponds to qualitatively-assigned severity category, where red is severe,
yellow is moderate, and blue is mild.

A) B)

other measures. In conjunction with Figure 5, these figures might enable comparison of severity index values
to more familiar severity measures.

S5.5 Comparison of severity index to H3 circulation
We explored the relationship between the retrospective severity index and the percentage of H3 strains
circulating in a given season, as reported by the CDC virological surveillance system NREVSS. (Figure S10).
We found that more severe seasons tended to have higher proportions of H3, but our severity index had the
capacity to capture relatively severe non-H3 seasons.

S5.6 Comparison of severity index to vaccine match and effectiveness
We compared retrospective severity to seasonal vaccine attributes, such as trivalent vaccine match and
vaccine efficacy. In their influenza season summaries, CDC reported the number of characterized influenza
viruses that were antigenically similar to the corresponding subtype component in the seasonal vaccine. We
estimated trivalent vaccine match by calculating the percentage of characterized viruses that matched a
strain in the seasonal vaccine. We note that this method of estimating vaccine match does not capture the
interactive effect of the strains in the vaccine. Vaccine efficacy percentages were calculated as the weighted
average of study size across trivalent and live-attenuated influenza vaccine (LAIV) efficacy trials reported in
other studies [13].

We did not include vaccine match and vaccine efficacy in our cross-correlation exploratory analysis because
data were not available for all seasons from 1997-98 through 2013-14. Instead, we performed this graphical
comparison between vaccine-related proxies and retrospective severity (Figure S11). We found some evidence
to suggest that better vaccine match between circulating and vaccine strains (Pearson’s R = -0.80). Vaccine
match was confounded with H1 subtype seasons, because vaccine strains tended to match more closely during
H1 seasons, and H1-dominant seasons tended to be more mild. Vaccine coverage estimates were examined
because data were not available for the period of interest.

S5.7 Influenza circulation during the early warning period
We examined the mean percentage of positive laboratory confirmed isolates of influenza according to the
National Respiratory and Enteric Virus Surveillance System (NREVSS) during the early warning period,
which occurred during weeks 49-50 or weeks 50-51 each year. The mean percentage of positive isolates ranged
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Figure S6: A) Differences in RR(t) at the beginning of different flu seasons motivated our decision to
normalize RR(t) to make it comparable across seasons. Consequently, was constructed our age-specific
disease burden proxy (ρs(t)) as RRs(t) that had been standardized by the baseline period. We compared the
benchmark to retrospective severity (ρs,r) where ρs(t) had been calculated with alternative baseline periods
of B) 10 weeks in the fall (weeks 40-49; Pearson’s R = 0.75), C) 7 weeks in the preceding summer (weeks 33-
39; Pearson’s R = 0.67), and D) 10 weeks in the preceding summer (weeks 30-39; Pearson’s R = 0.70). The
7 week fall baseline period was presented in our main text analyses. Summer baselines and longer baselines
shifted the value of ρs,r towards the center. Point color in B-D corresponds to qualitatively-assigned severity
category, where red is severe, yellow is moderate, and blue is mild.

A) B)

C) D)

from 2% to 32% over the 1997-98 to 2013-14 flu seasons (excluding 2009-10) during the early warning period
S3.

S6 State-level analyses

S6.1 Data processing
Almost all zip3s were contained within a single state’s boundaries, and two zip3s that were located in multiple
states were assigned to the primary state listed by the US Postal Service 3-digit zip code prefix matrix. 2

Zip3 ILI data and population data were aggregated to the state-level before generating weekly incidence
rates.

2Accessed at http://pe.usps.com/text/LabelingLists/L002.htm on August 22, 2014.
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Figure S7: Any diagnosis visits were reported during the seven week baseline periods during the fall and
summer. The fall baseline period typically had a greater number of visits than the summer period. Since the
fall baseline period was more proximate to epidemic flu season and had a greater number of overall visits, it
was more suitable than summer as a baseline period for removing the effects of non-flu age dynamics during
the flu season.

S6.2 State-level severity patterns
We plotted the empirical distribution of retrospective severity indexes across seasons by state. Across the
2001-02 to 2008-09 study period, we showed that a group of western states (CA, OR, WA, AZ) had the mildest
median severity (Figure S12). States with the greatest absolute severity appeared to line the Atlantic coast.

S7 Operational public health indicators
In Figure 5, we compared a sample of relative risk-based severity index values to commonly used influenza
public health indicators, which may better situate decision makers in known flu season contexts. Percent
of national peak week outpatient visits due to ILI was identified using CDC ILINet data, and peak week
achieved the greatest number of ILI cases in a single week during a given season. National cumulative
hospitalization rate was obtained from the same public CDC data as that included in the benchmark.

We calculated state-level excess P&I mortality rates by state and season over the 2001-02 to 2008-09
study period from monthly pneumonia and influenza deaths at all places of death. These data were provided
by the CDC WONDER Multiple Cause of Death database, which is publicly available online. As in Viboud
et al. 2005, non-flu P&I mortality, which excludes the flu season period from December to April, was fit
with a Serfling-type regression model to identify the seasonal baseline. December to April P&I mortality
in excess of the baseline were categorized as excess P&I mortality, and aggregated to the season level [14].
National excess P&I mortality rates by season represented the population-weighted average of all state-level
excess P&I mortality rates in that season.

S8 Applying the severity index to ILINet surveillance data
We applied our novel severity index framework to CDC’s ILINet, a publicly available U.S. ILI surveillance
dataset, in order to examine the applicability of our proposed metric to different data sources.
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Figure S8: Excess ILI for weekly medical claims data with the national early warning and retrospective
classification periods in green and black, respectively (Analog of Figure 2A in the main text). Negative
values are below the baseline. Medically attended outpatient excess ILI visits per 100,000 is similar to
overall ILI visits for the 2001-02 through 2008-09 flu seasons.

S8.1 CDC ILINet data
We compared our results to outpatient ILI data from CDC’s ILINet, which reports surveillance data from
approximately 1,800 health care providers in the U.S. each week, includes a total of over 2,900 providers in
the entire system, and is available from October 1997 to May 2014. By 2014, the data documented outpatient
visits from approximately 1,900 health care providers in the U.S. each week. 3 Similar to the medical claims
data, ILINet defines ILI as [fever (100°F [37.8°C] or greater) and (sore throat or cough)] without a known
cause other than influenza. These data were also available at the weekly level, across HHS regions, and by
age group. To calculate the relative risk of ILI between adults and chidlren, school-age children comprised
individuals aged 5-24 and adults comprised individuals aged 25-64. Data were available from October 1997
to May 2014, but they were not reported during the summer in the early years. As with the medical claims
data, ILINet data were adjusted for age-specific care-seeking rates and total number of patient visits, as
described in section S2.

S8.2 Severity index for CDC’s ILINet data
Similar to the methods applied to the medical claims data, we calculated the retrospective and early warning
severity indexes for the ILINet ILI visit time series data (Figure S13a) from the standardized weekly relative
risk, ρcdcs (t) (Figure S13b). The retrospective period was the two week period that began three weeks prior
to peak ILI as reported by ILINet in a given season. See Methods for additional details.

We compared the ILINet-based retrospective (ρcdcs,r ) and early warning (ρcdcs,w) severity indexes to the
benchmark (βs). We examined data over the period from 1997-98 to 2013-14, excluding the 2009-10 season
due to 2009 H1N1 pandemic. There was a positive relationship between ρcdcs,r and βs (R = 0.64, Ho : R =

0, two-sided Pearson’s R permutation test, p-value = 0.01), but the early warning index (ρcdcs,w) was not
correlated with βs (R = -0.17, p-value = 0.59) (Figure S13c-d). The poor performance of both indexes for
post-2009 seasons may be due to empirical changes in age dynamics in this period [15]. Absent post-pandemic
seasons, a stronger positive linear relationship would have likely been observed between ρcdcs,w and βs.

ILINet retrospective severity (ρcdcs,r ) had a tendency to underestimate severity as compared to the medical
claims (ρs,r) (Figure S14a), and there appeared to be a non-linear relationship between early warning indexes.
Additional applications of the RR-based index to different ILI data sources are needed to better understand
these sensitivities.

3See CDC overview of ILINet surveillance system: http://www.cdc.gov/flu/weekly/overview.htm. Accessed on 7/28/14.
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Table S3: Mean percentage of positive laboratory confirmed isolates of influenza according to NREVSS in
early warning period weeks from the 1997-98 to 2013-14 flu seasons, excluding 2009-10.

Season Positive (%)
1997-98 5.2
1998-99 1.8
1999-00 21.2
2000-01 6.3
2001-02 4.1
2002-03 5.2
2003-04 31.9
2004-05 5.8
2005-06 7.1
2006-07 6.3
2007-08 3.9
2008-09 3.7
2010-11 16.1
2011-12 2.5
2012-13 31.4
2013-14 24.4
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Figure S9: The retrospective severity index compared to other traditional severity measures (all available
seasons during 2001-02 to 2008-09 period are shown): A) Hospitalization rate is the lab-confirmed flu hos-
pitalization per 100,000 individuals in the population from CDC’s Emerging Infections Program. B) The
ratio of P&I mortality risk and ILI case proportion was derived from two CDC surveillance systems. The
numerator is the proportion of all deaths attributed to P&I from the 122 Cities Mortality Reporting Sys-
tem. The denominator is the proportion of all visits due to ILI from ILINet. C) Cumulative number of P&I
deaths from the 122 Cities Mortality Reporting System was divided by the cumulative number of ILI visits to
physicians as reported by ILINet. D) Inpatient ILI visit rate from the medical claims data, where the service
location was an inpatient/acute care facility or the emergency room (Pearson’s R = 0.44). E) Seasonal ILI
visit rate from the medical claims was well correlated with the retrospective severity index (Pearson’s R =
0.74). ILI visit rates were adjusted for coverage and health care-seeking for ILI. Correlation coefficients are
reported only for metrics where data were available for all seasons in the eight season study period. Point
color corresponds to qualitatively-assigned severity category, where red is severe, yellow is moderate, and
blue is mild.

A) B)

C) D)

E)
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Figure S10: Retrospective severity for the A) 2001-02 through 2008-09 medical claims data and the B)
1997-98 through 2013-14 (excluding 2009-10) ILINet data were compared to the proportion of H3 subtyped
isolates during the flu season (NREVSS) (Pearson’s R = 0.46 and 0.08, respectively). While non-H3 seasons
were indicated with milder index values, H1 seasons also tend to have higher vaccine match in our study
period, perhaps due to slower mutation rates or higher prevalence and better characterization during this
period. The mechanistic relationship between severity and H3 proportion is thus confounded with the level
of vaccine match. Nevertheless, B) suggested that our index captures both A/H1 and A/H3 seasonal flu
severity. Point color corresponds to qualitatively-assigned severity category, where red is severe, yellow is
moderate, and blue is mild.

A) B)

Figure S11: A) Severity decreased as vaccine match increases (Pearson’s R = -0.80). We clarify, however,
that vaccine strain match tended to be higher for H1 subtypes, and H1-dominant seasons tend to be more
mild. B) The relationship between severity and vaccine efficacy was uncertain. Vaccine efficacy percentages
were estimated as a weighted average of study size in trivalent (TIV) and live-attenuated influenza vaccine
(LAIV) efficacy trials. Point color corresponds to qualitatively-assigned severity category, where red is severe,
yellow is moderate, and blue is mild.

A) B)
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Figure S12: Distribution of retrospective severity indexes by state, sorted by median severity value. Western
states seemed to experience the mildest seasons. As with Figure 4b, the 75th and 70th percentiles of devia-
tion between state and national retrospective severity exceeded zero for red and orange highlighted states,
respectively. Missing states did not have indexes across all eight seasons.
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Figure S13: A) Medically attended ILI visits captured by ILINet over the 1997-98 to 2013-14 flu seasons (ex-
cluding 2009-10), adjusted for both increasing coverage of ILINet over time and health care seeking behavior
for ILI. B) Standardized relative risk of ILI visits among adults to children (ρcdcs,r (t)). C) Retrospective sever-
ity had a positive relationship with the benchmark (R = 0.64, p-value = 0.01). D) Early warning severity
provided little information about severity (R = -0.17, p-value = 0.59). Point color in C & D corresponds to
qualitatively-assigned severity category, where red is severe, yellow is moderate, blue is mild, and grey had
no data.

A) B)

C) D)
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Figure S14: Comparison of severity indexes derived from the medical claims and ILINet data, for the A) ret-
rospective and B) early warning indexes for the 2001-09 period. CDC data had a tendency to underestimate
the severity index value as compared to the SDI data, but the retrospective classifications for both were
highly correlated (Pearson’s R = 0.78, p-value = 0.02). Early warning classifications graphically appeared
to have a non-linear relationship. Point color corresponds to qualitatively-assigned severity category, where
red is severe, yellow is moderate, and blue is mild. Grey diagonal line represents y = x.

A) B)
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